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® Novel reinforcements for pultruding resin reinforced products and novel pultruded products. 

@ Novel resin reinforcing composite mats of con- 
tinuous strands are described for use in oultrusion 
processes. The pultruded parts are charactenzed by 
having a reinforcement of mats and rovtngs with the 
reinforcing mats and rovtngs being distributed 
throughout the parts. 
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NOVEL REINFORCEMENTS FOR PULTRUDING RESIN REINFORCED PRODUCTS AND NOVEL PULTRUDED 

PRODUCTS 



This application is a continuation in part of our 
copending application. U.S. Serial No. 34.159. filed 
April 9. 1987. 

The present invention relates to novel fiber 
reinforcements used in preparing resin reinforced 
articles in a pultrusion process. More particularly, 
the present invention relates to pultruded resin 
articles which are reinforced with mats and fibers in 
unique onentations to enhance surface characteris- 
tics and tensile strengths. Still more particularly, 
the present invention relates to novel combinations 
of mechanically-bonded continuous strand mats: 
and in particular, to needled continuous strand 
mats in which at least one mat has non-chemical ly 
bonded continuous strands, and that mat is nee- 
dled to a second continuous strand mat in which 
the continuous strands are bound to each other 
either chemically or mechanically and these mats 
are used with other reinforcing strands to produce 
resin articles of enhanced appearance and/or 
strength. 

Background of the Invention 

It has been a practice in the pultrusion of 
articles such as window spacers, for example, to 
prepare the article by passing reinforced strands or 
.rovings through a resin bath with an appropriate 
fibrous, continuous strand mat surrounding the rov- 
ings. The mat and rovings as they pass through 
bath are impregnated with a resin, typically an 
unsaturated polyester. The resin rich mat and 
strands are then fed to a pultrusion die and are 
pulled through the die. The die is normally heated 
to provide a temperature sufficient to cause the 
resin to cure so that a solid article is removed from 
the exit end of the die. The process is convenient 
in preparing articles such as window and/or door 
framing members. A more complete description of 
the typical pultrusion process used to prepare each 
article is contained in European Patent Application 
0 113 209. 

While the aforementioned patent descnbes a 
process and articles of manufacture that are useful, 
there are some drawbacks to both. In preparing 
parts which have ribbing or sharp turns, it has been 
found that the mat used frequently does not fill the 
turns or ribs to the full depth of either. This leaves 
a portion of the part without the desired mat re- 
inforcement. Further, the parts frequently do not 
possess surfaces that are acceptable in the aes- 
thetic sense. It has also been found that the chemi- 
cally bonded mats heretofore employed in the pul- 



trusion processes hereinbefore discussed, fre- 
quently are inadequate in strength in narrow widths 
to withstand the pulling forces to which they are 
subjected without tearing during pultrusion. 

5 Thus a need exists in the art for reinforcements 

for use in pultrusion processes that have satisfac- 
tory handling charactenstics so that ail portions of a 
pultruded part are reinforced on a substantially 
uniform basis. Pultruded articles having substan- 

'0 tially uniform reinforcement throughout, and tensile 
properties in all direction that are adequate for the 
intended use are also needed. Rnally. a need 
exists for pultruded products which have good sur- 
face appearance on all surfaces of the part. The 

ts present invention supplies these needs. 



Summary of the Invention 

20 In accordance with one embodiment of the 

instant invention, reinforcement mats are provided 
for use in pultrusion molding of parts that are. 
combinations of at least two mats held together by 
a mechanical bonding process; i.e.. needling with 

25 barbed needles to provide a composite mat that 
will withstand the pulling forces encountered during 
pultrusion without damage. In another embodiment 
of the invention, a pultruded article is formed which 
is reinforced with a plurality of strands sandwiched 

30 between reinforcing mats each of which is formed 
from at least two continuous strand mats. In a 
further embodiment of the invention a continuous 
strand mat is needled to a bonded scrim cloth to 
provide a scrim-mat composite reinforcement for 

35 use in a pultrusion process. In a still further em- 
bodiment of the Invention, two composite mats 
each containing two continuous strand mats are 
needled togetiier to provide a spiked side and a 
non-spiked side in the composite mats. The mats 

40 are fed into a die in which reinforcing strands are 
being fed between the two mats in the die. The 
mats are further placed in the die so that the 
spiked sides of both mats face inward toward the 
surface of the strands being fed between the mats. 

45 This embodiment of the invention is a preferred 
mode of operation where enhanced flexural and 
tensile strength are desired in the pultruded arti- 
cles. 

In another embodiment of the invention, high 
so density needled continuous strand mat preferably 
of glass nt>er strands with the mat having a density 
of at least 0.75 ounces per square foot or more is 
used in lieu of either a composite needled mat or a 
chemically bonded mat for producing a pultruded 
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article. 

In a still further embodiment, the spikea sides 
of the high density mats used are positioned so 
that they face toward each other In the article being 
pultruded to produce parts having enhanced sur- 
face characteristics. This is a preferred embodi- 
ment where small sharp protrusions, ndges and the 
like in the puttruded part require a more complete 
filling thereof with reinforcement for enhanced 
strength. 

Brief Description of the Drawings 

The foregoing embodiments, features, and ad- 
vantages of the present invention will become ap- 
parent to those skilled in the art from a consider- 
ation of the following descnptions of the preferred 
embodiments of the invention taken in conjunction 
with the accompanying drawings in which: 

Figure t is a diagrammatic illustration of a 
puUrusion process utilizing continuous strand re- 
inforcement mat which produces pultruded fiber 
reinforced resin articles of the instant invention. 

Rgure 2 is a cross section of an article 
prepared in accordance with the instant invention to 
illustrate the orientation of the reinforcement within 
the article. 

Rgure 3 is a perspective view of a pultruded 
article of the instant invention. 

Rgure 4 is a cross section taken along lines 
3-3 of Rgure 3. 

Rgure 5 is a diagrammatic iliu strati on of a 
process suitable for manufacturing the novel mat 
reinforcements of the instant invention. 

Detailed Description of the Invention 

(n accordance with the instant invention and 
the preferred embodiments, a composite mat is 
utilized in reinforcing the resin articles that are to 
be pultruded to form the novel articles of manufac- 
ture. Composite mats produced in accordance with 
the instant invention are composed of a light weight 
continuous surface mat and a continuous strand 
reinforcing mat. Both mats are characterized by 
having the fibers randomly distributed throughout 
the mat. In the composite mats described in the 
instant specification the continuous strand rein- 
forcement mats which are coupled to the continu- 
ous strand or filament surface mats are preferably 
constructed of glass fibers. While composite mats 
are preferred, it is within the scope of the invention 
to use a needled continuous strand mat alone 
provided it has a high density. By high density is 
meant a continuous strand reinforcement mat hav- 
ing a density of at least 0.75 ounces per square 



foot or more, preferably 1.5 ounces per square 
foot. Generally high density continuous strand mats 
ranging in density between 0.75 to two ounces or 
more are useful. In Instances where reinforcement 

5 mats of this type are used, continuous glass strand 
mats are preferred. 

In producing mats of glass fibers, the fiber size 
can range widely between a fiber strand which is 
composed of filaments ranging from a DE filament 

10 to a T filament or higher. Generally speaking, the 
filament size ranges from 20 10"^ to 95 10~- 
inches. In the preferred embodiment of the instant 
Invention, the filaments are generally in the range 
of 35 to 40 10-^ inches. In the surfacing mats 

15 utilized when the surfacing mat is composed of 
fiber glass, the fibers generally range in size with 
those above mentioned. 

Surfacing mats of natural or synthetic fibers 
having similar fiber diameters or even larger diam- 

20 eters and may be employed in lieu of glass fiber 
mats. 

"Scrim" as used herein means an open weave 
cloth of synthetic or natural fiber strands having at 
least four holes per square inch of cloth formed by 

25 the weave. 

Where the term "chemically bound" is utilized 
in the application and in the claims with respect to 
fiber strands in mats, the term is meant to include 
a bonding of the fiber strands one to the other by 

30 utilization of a chemical bonding agent such as a 
thermoplastic or a thermoset resin. In instances 
where the surface mats are utilized it is often 
common practice to join the fiber strands forming 
the mat to each other by mixing strands of different 

35 melting points together and melting one of the 
strands to accomplish the bonding. Similarly, when 
glass fiber scrim cloths or synthetic or natural fiber 
cloths are employed to manufacture scrim or mats 
for surface mat utilization, bonding is accomplished 

40 by utilizing thermoplastic resins or thermoset resins 
which effectively bond the strands one to the other 
in the mat being constructed to provide integnty to 
the mat. 

Where the term "mechanically bound" is uti- 
46 lized in the specification and claims, this intended 
to mean bonding mats one to the other by entan- 
gling the strands of one mat intimately with the 
strands of the other mat utilizing a barbed unth- 
readed needle to thereby penetrate both mats with 
50 the needle to thereby push strands of one of the 
mats through the other mat and thoroughly entan- 
gle strands of both mats together. The term is also 
used to describe the entangling of strands with 
each other when a continuous strand mat is nee- 
55 died by itself using the above described barbed 
needles. The process for accomplishing this is 
descnbed in detail in U.S. Patent 4.404,717. which 
is incorporated herein by reference. 
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in all instances where fiber strands ana re- 
inforcement mats are discussed m the instant 
specification and claims with respect to the produc- 
tion of a pultruded article it will be understood by 
the skilled artisan that these mats and strands are 
composed of fibers which have a compatibility with 
the resin that is being utilized to form the article- It 
is welt known to the skilled artisan, for example, 
that glass fibers utilized In the manufacture of var- 
ious glass fiber reinforced resin materials have 
applied to their surfaces sizes and binders which 
are compatible with the resin system to which the 
fiber is to be applied as a reinforcement matenal. 
Thus, manufacturers provide fibers for reinforcing 
various type resin systems such as polycar- 
bonates, epoxy resins, unsaturated polyesters, 
thermoplastic resins and the like. The particular 
size employed in the mats and fiber strands uti- 
lized to reinforce the resin article herein will be 
determined, therefore, by the resin system utilized 
in forming the article. Once the resin has been 
determined with respect to the article that is to be 
produced, glass manufacturers and synthetic fiber 
manufacturers can readily supply a resin compati- 
ble strand for utilization as reinforcement with that 
particular resin system. 

The resin systems utilized in producing the 
articles of the instant invention may be neat or they 
may be filled. In the preferred embodiments of the 
instant invention the resins contain fillers in varying 
amounts. Generally speaking, the fillers are present 
in amounts ranging from a trace amount to 30 
percent, preferably 10 to 25 percent and most 
preferably 15 percent. The fillers may be any suit- 
able filler utilized by the art to fill a resin system of 
the type being produced. Generally speaking, fillers 
such as calcium carbonate, titanium dioxide, silicon 
dioxide, carbon black and the like may be used. 

In preparing the mats of the instant invention, 
needles of various types may be utilized to accom- 
plish the combining of the surface mat with the 
major fiber glass strand mat or to needle together 
the strands used to form the high density strand 
mats. Needles ranging from 15 gauge needles to 
32 gauge are certainly acceptable depending on 
the qualities desired in the final mat product. Gen* 
erally speaking, it is preferred to utilize 25 gauge 
needles having barbs pointing in the downward 
direction with respect to the mat passed through 
the needling machine when glass strands are used 
so that the glass strands are carried through the 
surfacing mat which is typically located below the 
fiber glass mat during manufacture as will be fully 
understood from the ensuing description of Figure 
5. This same 25 guage needle is used in the 
preparation of high density glass mats from glass 
fiber strands. 

The term "strand" means, as used herein, a 



multiplicity of filaments combined together ana can 
include rovings as that term is generally unaer- 
stood by the skilled artisan, i.e.. a plurality of 
strands combined mechanically on a roving winder. 
5 Direct draw rovings of the type shown m U.S. 
Patent 4.509.702 are also encompassed by this 
term. 

The term "spiked surface" utilized herein the 
specification shall mean a dense major surface of 

:q the needled composite mat or the high density 
needled mat which contains a multiplicity of the 
elongated filaments and/or fibers or strands projec- 
ting from the surface outwardly. The filaments, 
fibers and. or strands projecting from the surface of 

?5 the mat on the spiked surface thereof are referred 
to herein as spikes. 

The term "non-spiked" surface means a less 
densely spiked major surface of the same mat that 
contains a spiked surface. 

20 The resin materials that may be utilized in 

prepanng the articles of the instant invention are 
generally speaking thermoset resins and the pre- 
ferred embodiments of the invention incorporate 
utilization of unsaturated polyester thermoset res- 

25 ins. 

It is also within the contemplation of the inven- 
tion that thermoplastic resins both as homo- 
polymers and copolymers may be utilized in pre- 
paring articles in utilizing puitrusion techniques. 

30 With respect to polyester resins, as far as the 
thermoset resins are concerned, they can be al- 
dehyde condensate resins and unsaturated polyes- 
ter such as vinyiesters. epoxies. phenolic resins, 
alkyd resins, silicone resins and diallyl phthaiate 

35 homopolymers and polyamide. urea and melamine 
containing resins and polyurethanes to mention just 
a few. 

tn utilizing thermoplastic resins, materials may 
be utilized which are vinyl resins formed by the 

•»} polymerization of vinyl halides or by the 
copotymerizatton of vinyl halides with unsaturated 
polymerized compounds such as vinyl esters: al- 
pha, beta-unsaturated acids: alpha, beta-unsaturat- 
ed esters: alpha, beta-unsaturated ketones: alpha. 

45 beta-unsaturated aldehydes and unsaturated hy- 
drocarbons such as butadienes and styrenes: poly- 
alpha-olefins such as polyethylene, polypropylene, 
polybutylene. polyisoprene and the like including 
copolymers of poly-alpha-olefins: phenoxy resins: 

50 polyamides such as polyhexamethylene adipamide: 
polysulfones: polycarbonates; polyacetyls: polyeth- 
ylene oxide: polystyrene, including copolymers of 
styrene with monomeric compounds such as ac- 
rylonitrile and butadiene: acrylic resins as exempli- 

55 fied by the polymers of methyl acrylate. ac- 
rylamide, methylacrylamide. acrylonitrile and 
copolymers of these with styrene. vinyl pyridines, 
etc; neoprene: polyphenylene oxide resins: poly- 
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mers such as oolybutylene terephthalate and 
poiyethyieneterephthalate: and cellulose esters in- 
cluding the nitrate, acetate, propionate, etc. 

The fibers, strands and or filaments referred to 
herein, except for those specifically excluded by 
the claim terminology, are intended to include syn- 
thetic fibers such as polyester fibers, thermoplastic 
fibers such as polypropylenes. polyphenylene sul- 
fide fibers, nylons. ORtON®. OACRON® and other 
similar materials. 

The term "natural fibers" as used herein is 
meant to include cotton, wool, linen, jute and the 
like. "Inorganic fibers" is intended to include glass 
fibers, carbon fibers, ceramic fibers and the like. 

Turning now to the drawings and in particular 
to Figure 5 there is shown in the drawing, a plural- 
ity of the glass strands 4. 5. 6. and 7 being fed 
onto the surface of a moving conveyor 2. While the 
drawing is a side elevation of the system, it will be 
understood by the skilled artisan that strands 4. 5, 
6, and 7 are moved back and forth across the 
conveyer surface transverse to the path of travel 
thereof to thereby lay down on the conveyer sur- 
face sufficient strands to provide a mat of a given 
width and density. These strands 4. 5. 6 and 7 are 
fed through a feeding device similar to that shown 
in the U.S. Patent 4.340.408 and the traversing 
system utilized is similar to that shown and de- 
scnbed in U.S. Patent 4.340,406 both of which are 
herein incorporated by reference. 

Prior to feeding the strands 4. 5, 6. and 7 to 
the conveyer 2. a mat 62 is fed from a roll 60 of 
that material 60 across a feed roller 61 and onto 
the surface of the conveyor 2. With this arrange- 
ment, the mat 62 is of the desired width of the final 
product or something slightly larger and the 
strands 4. 5. 6. and 7 as they traverse across the 
width of the conveyer 2 and the mat 62 contained 
thereon lay down between the edges of the mat 62 
a loose mat of continuous strands. The strands 4. 
S, 6, and 7 laid down on the mat 62 pass forwardly 
to a needier generally indicated at 50. 

Underlying mat 62 and the overlying strands 4. 
5. 6, and 7 are passed over roll 30 which has a 
chain 31 wrapped around and passing over idler 
roll 32 and roll 30 which conveys the mat compos- 
ite into a needier 50, In needier 50. a needle board 
51 containing barbed needles 52 therein is de- 
signed to mesh with apertures 56 coinciding with 
the positioning of the needles 52. The plate 55 
having apertures 56 is stationery and mounted in a 
suitable housing 59 and needle board 51 in opera- 
tion reciprocates in a vertical direction. Thus, as 
tiie mat composed of the mat 62 and the loose 
fiber glass strands 4. 5, 6. and 7 passes through 
the needling machine SO they are joined together 
by the downward stroke of the needles 52 which 
punch the strands 4. 5. 6. and 7 through the lower 



mat 62 and entangle them thoroughly so that a 
final composite product 64 is removed off of roll 58 
for utilization as part of the reinforcement for the 
novel products herein after described- As the nee- 

5 dies retract, a stripper plate 53 knocks any loose 
strands from the surfaces of the needles onto the 
mat surface. 

When a strand mat is produced in lieu of the 
composite mat shown being, produced in the draw- 

10 ing of Figure 5, the strand 4. 5. 6 and 7 are laid 
down on the conveyor 2 as shown, but the feeding 
of the mat 62 is eliminated. Except for the exclu- 
sion of mat 62. the process proceeds as described 
above. 

;s Turning to Figure 1 . there is shown a pultrusion 

process which is designed to combine mats 64 of 
the type formed in the machinery of Figure 5. 
whether they are composite mats or high density 
mats, with suitable reinforcement strands. Thus. 
20 Rgure l shows continuous strands 70 being drawn 
from a plurality of packages generally indicated at 
71. Strands 70. which can also be rovings. are 
drawn through a container 73 which is filled with a 
polyester resin material 74. Strands 70 are drawn 
25 through the resin bath 73 from one end to the other 
under rods not shown in the drawing but located 
along the bottom of the resin bath 73 so that the 
strands 70 are totally immersed in the resin. 
Soaked strands 70 are then passed into the ap- 
30 erture 75 of an elongated die 76 which is typically 
heated along its length. 

On both sides of the strands 70 being fed to 
the opening 75 of the die 76 are fed two continu- 
ous strand mats 77 and 78. Mat 77 has a fold 79 in 
35 the center thereof, mat 76 has a fold 80 in the 
center thereof. The fold in 79 divides mat 77 into 
two halves as 77a and 77b and the fold 80 in mat 
78 divided that mat into two folds 78a and 78b. The 
mats 77 and 78 being fed to the die may be 
40 previously immersed in the same polyester resin 
that the fibers 70 have been immersed in the same 
container 73 or in another container but need not 
be so immersed. When not immersed in resin, the 
mats 77 and 78 obtain sufficient resin for im- 
45 pregnation thereof through contact with the resin 
rich strands 70. Thus, the mats 77 and 78 and the 
resin impregnated strands 70 form a sandwich ar- 
rangement in Uie die so that the strands 70 are 
completely surrounded in the die on alt surfaces by 
so a portion of either mat 77 or 78. The combination 
of mats 77 and 78 and rovings 70 together with the 
resins impregnated all over them passes through 
the die from the inlet end to the exit end. The 
mats, rovings and resin are heated during their 
55 passage through the die to temperatures sufficient 
to cause the resin contained in the die to cure. 
Thus, a solid product is formed and is removed 
from the exit end of Vne die. 
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If the resin empioyed in the puitrusion process 
were a thermoplastic resin as opposed to the ther- 
moset resin of the preferred embodiments, obvi- 
ously the mats 77 and 78 and the strands 70 would 
be impregnated with molten thermoplastic imme- 
diately prior to being introduced into the die open- 
ing 75. Rather than being heated along its length, 
the die 76 would be cooled along its length so that 
the Uiermoplastic resin would solidify during its 
passage through the die to form a finished part 81 , 
a major component of which would be a thermo- 
plastic resin. 

Figure 2 is a cross section of the part 81 of 
Figure 1 showing the strands or roving s 70. the 
mats 77 and 78 and the orientation of the spiked 
surface 83 of mat 77 and the spiked surface 84 of 
mat 78 in one of the preferred embodiments. 

As can be readily seen in Rgure 3. the finished 
product, which in this instance as shown in the 
drawing, is a complex patio sliding door jamb pos- 
sesses many complex shapes and curvatures 
thereon. Both of the mats 77 and 78 and the 
rovings 70 sandwiched between the mats 77 and 
78 are positioned such that the spikes on the mat 
surfaces 83 and 84 are facing inwardly towards the 
roving 70 in a part having such complex grooves 
and ridges. 

In mats here before used in the prior art. great 
difficulty has been encountered filling ribs such as 
ribs 90, 91 and 92 of the part 90 shown in Rgure 4 
or the curved slots 94. 95. and 96 as well as the 
elongated channel member 97. Typically utilizing 
mats of the prior art. which are generally speaking 
continuous strand mats of glass fibers which are 
held together by polyester resin bonding agents, 
the parts fail to fill in narrow compound bends such 
as those shown in 94. 95 and 96 or in a channel 
97, Using the composite mats or the high density 
mats of the instant invention, these parts have filled 
readily with little or no difficulty being encountered. 
Further, the mats of the instant invention pass 
through the puitrusion die 76 with ease and are 
found to be of sufficient integrity that they do not 
tear during the passage. 

For a more complete understanding of the 
present invention reference is made to the accom- 
panying examples which illustrate the preferred 
method of preparation of mats and the preferred 
method of preparation of the pultruded articles con- 
structed from such mats. 



Example 1 

In constructing composite reinforcement mats 
equipment was used similar to that diagram mati- 
cally illustrated Rgure 4. A rriat 46 inches wide was 
prepared as follows using this equipment. Two 



feeders were emotoyed to feed fiber glass strands 
to the surface of a conveyor moving m a direction 
generally at an angle normal to the angle at which 
the strands were being fed to the surface thereof. 

3 Thus, the strands were being fed in a downward 
direction from a feeder simitar to the feeder shown 
in U.S. Patent 4.340.406. The feeder was operated 
at a speed to provide strand speeds of 1175 feet 
per minute. The strands passed downwardly onto 

?o the surface of a horizontally moving conveyor 
chain. Eight strands were fed to each feeder, each 
set of strands containing BOO filaments. The 
strands were traversed back and forth across the 
moving conveyor at a rate of l cycle every 6.5 

ts seconds, a single traverse over and back being one 
cycle. On the moving conveyor and moving with 
the conveyor at a speed of 10 feet per minute was 
a Remay* polyester surfacing mat manufactured 
by E. 1. DuPont having a mat density of 1.35 

20 ounces per square yard. Rber glass strands which 
were placed on the surfacing mat contained a size 
having polyester resin compatible ingredients. The 
size composition used contained a polyester resin 
film former, a glycidol propyl trim ethoxy silane cou- 

25 pling agent, a fatty acid lubricant and acetic acid. 
The amount of size on the glass fibers was 0.9 
percent by weight basis the weight of the glass. 

After passing across the conveyor, the mat was 
passed into a needling machine which had 25 

30 gauge needles therein reciprocating in a vertical 
direction as the mat passed through the needier. 
The needles and needle boards utilized provided 
150 needle penetrations per square inch in the 
finished mat and the needles passed through the 

35 bottom orifices in the base plate of the needier to a 
depth of about 0.8 inches. Thus, the barbed nee- 
dles, which have the barbs pointed in a downward 
direction, caught the glass fibers and passed them 
through the polyester mat to a depth of about 0.8 

40 inches on the downward stroke- This mat was 
removed from the needling machine and is typi- 
cally 1 ounce per square foot in density. 

J5 Example 2 

Glass fiber strands having filaments in a diam- 
eter range of 90-95 10~* inches and wherein 
each of the strands contains 4.000 filaments are 

50 passed through a resin bath of Koppers Co. B753- 
118 unsaturated polyester resin having 15 percent 
calcium carbonate therein to thoroughly saturate 
the strands and filaments contained therein with the 
polyester resin. The rovings are fed to a puitrusion 

55 die and the mats are then passed into the pui- 
trusion die on the outside of the rovings as shown 
in Figure 1 herein. The die is an elongated die 
having a central opening conforming to a configura- 
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tion sucn as shown in Figure 3. Thie die is approxi- 
mately 40 inches in length and is clamped along its 
length between two resistance heated plates which 
are individually controlled to provide a temperature 
gradient from the inlet end of the die to the outlet 
end thereof. The rovings and the mats passing 
through the die pass through it at a rate of approxi- 
mately 3 to 4 feet per minute, and the die is heated 
at the entrance to a temperature of about 200" F. 
The center of the die operates at a temperature of 
approximately 390*" F and the exit of the die at 
approximately 350 "F. The parts flowing through the 
die are roughly 40-45 percent resin with 55-60 
percent of the remainder being glass reinforce- 
ments. The resin itself is 70 percent polyester and 
30 percent filler and other additives such as color- 
ing agents, catalysts and the like. The parts re- 
moved are cut into appropriate lengths for use as 
door jambs. 



Example 3 

In constructing high density reinforcement mats 
of glass strands equipment was used similar to that 
diagrammatically illustrated Figure 4. A mat 46 
inches wide was prepared as follows using this 
equipment. Two feeders were employed to feed 
fiber glass strands to the surface of a conveyor 
moving in a direction generally at an angle normal 
to the angle at which the strands were being fed to 
the surface thereof. Thus, the strands were being 
fed in a downward direction from a feeder similar 
to the feeder shown in U.S. Patent 4.340.406. The 
feeder was operated at a speed to provide strand 
speeds of 1 1 75 feet per minute. The strands 
passed downwardly onto the surface of a horizon- 
tally moving conveyor chain. Eleven strands were 
fed to each feeder, each set of strands containing 
400 filaments. The strands were traversed back 
and forth across the moving conveyor at a rate of 1 
cycle every 6.5 seconds. A single traverse over 
and back being one cycle. The moving conveyor 
was traveling at a speed of 4 feet per minute. The 
strand speed and quantities of strand coupled with 
the conveyor speed produced a mat having a den- 
sity of 1.5 ounces per square foot. The fiber glass 
strands introduced onto the conveyor contained a 
size having polyester resin compatible ingredients. 
The strands thus contained a coating or size there- 
on comprised primarily of a polyvinylacetate film 
former, a gamma-aminopropyltriethoxy silane. a vi- 
nyl triacetoxy silane. a fatty acid lubricant, ammo- 
nium chloride, a melamine-formaldehyde curing 
agent and a quaternary ammonium lubricating 
agent. The amount of size on the glass fibers was 
0.9 percent by weight basis the weight of the glass. 
After passing across the conveyor, the mat was 



passed into a needling machine which had 25 
gauge needles therein reciprocatmg in a vertical 
direction as the mat passed through the needier. 
The needles and needle boards uUlized provided 

5 315 needle penetrations per square inch in the 
finished mat and the needles passed through the 
bottom orifices in the base plate of the needier to a 
depth of about 0.65 inches. Thus, the barbed nee- 
dles, which have the barbs pointed in a downward 

iQ direction, catch the glass fibers from the top sur- 
face and the inside of the mat and pass them 
through the bottom of the mat to a depth of about 
0.65 inches on the downward stroke. 

Example 4 

Glass fiber strands having filaments in a diam- 
eter range of 90-95 10~^ inches and wherein 
20 each of the strands contains 4,000 filaments are 
passed through a resin bath of Koppers Co. B753- 
1 1 8 unsaturated polyester resin having 1 5 percent 
calcium carbonate therein to thoroughly saturate 
the strands and filaments contained therein with the 
25 polyester resin. The rovings are fed to a pultrusion 
die and two mats produced as in Example 3 are 
then passed into the pultrusion die on the outside 
of the rovings as shown in Rgure 1 herein. The die 
is an elongated die having a central opening con- 
30 forming to a configuration such as shown in Figure 
3. The die is approximately 40 inches in length and- 
is clamped along its length between two resistance 
heated plates which are individually controlled to 
provide a temperature gradient from the inlet end 
35 of the die to the outlet end. The rovings and the 
mats passing through the die pass through it at a 
rate of approximately 3 to 4 feet per minute, and 
the die is heated at the entrance to a temperature 
of about 200 'F. The center of the die operates at a 
40 temperature of approximately 390'F and the exit of 
the die at approximately 350*F. The parts flowing 
through the die are roughly 40-45 percent resin 
with 55-60 percent of the remainder being glass 
reinforcements. The resin itself is 70 percent poly- 
ps ester and 30 percent filler and other additives such 
as coloring agents, catalysts and the like. The parts 
removed are cut into appropriate lengths for use as 
door jambs. 

The above examples are illustrations of pre- 
50 ferred methods of providing the articles of the 
instant invention and the reinforcement mats to be 
utilized with such articles. Thus, window and door 
framing materials can be produced readily from a 
system of this type. In general, the mats and the 
55 articles of manufacture herein described find a 
variety of uses where reinforcement is required in 
all directions arKl superior reinforcement is required 
in a single direction. The parts are particularly 
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useful where it is also important that the surface 
characteristics of the finished part be such that 
they present smooth surfaces. The parts further are 
characterized by being extremely resistance to de- 
lamination of the surface reinforcements under 
stress. 

While the invention has been described with 
reference to certain specific examples and illus- 
trated embodiments, it is not intended to t>e limited 
thereby except insofar as it appears in the accom- 
panying claims- 
Claims 

1. A fiber containing reinforcing mat comprising 
two mats of strands mechanically bonded together 
by needling. 

characterized In that 

the first mat has the form of a scrim cloth having at 
least four holes per 6.452 cm* (square inch) therein 
and the second mat of continuous strands is co- 
extensive with said first mat and the reinforcing mat 
having a spiked major surface and a non spiked 
major surface. 

2. The mat of claim i . 
characterized In that 

said second mat is a mat of continuous glass fiber 
strands 

3. The mat of claim i . 
characterized in that 

said first mat is made of synthetic fibers. 

4. The mat of claim 1 . 
characterized In that 

said first mat is made of natural fibers. 

5. The mat of claim i. 
characterized In that 

said first mat IS made of glass fibers. 

6. The mat of claim 1, 
characterized In that 

the mat is a composite mat composed of glass 
fibers needled lo the first mat of synthetic fibers 
forming the second mat, 

7. The mat of claims 1 to 3 or 6. 
characterized In that 

the first mat is a polyester fibrous mat having its 
fibers chemically bonded therein. 

8. The mat of claim 5, 
characterized In that 

the first mat is a continuous fiber glass strand mat 
wherein the fiber glass strands are bonded by a 
resin. 

9. The mat of claim 3. 
characterized in that 

the first mat is of continuous polypropylene fibers, 
wherein the fibers are bonded by chemical means. 



10. The mat of claim 3. 
characterized In that 

the first mat is a continuous polyester mat wherein 
the fibers are bonded by chemical means, 
s 11. Use of the reinforcing mat according to 

claims 1 to 10 for reinforcing pultruded resin arti- 
cles. 

12. A pultruded fiber reinforced resin article 
having a roving material and a mat as reinforce- 

to ment. characterized by 

having a plurality of resin impregnated fiber strands 
running parallel lo each other in at least one axis of 
the article and in a spaced relationship to each 
other, and having at least two resin impregnated 

js reinforcing mats positioned on opposite sides of 
said strands in the article. 

1 3. A pultruded fiber reinforced article of claim 
12. characterized In that 

each of the mats having a spiked surface with the 
20 spikes of each mat facing away from each other 
and the mats are positioned that the spiked surface 
of each mat faces away from the fiber strands. 

1 4. A pultruded fiber reinforced article of claim 
12. characterized in that 

25 the mats having a spiked surface and the spiked 
and the fiber strands are in intimate contact whith 
each other. 

15. The pultruded fiber reinforced article of 
claims 12 to 14. wherein the fiber strands are glass 

30 fiber strands and the reinforcement mats are glass 
fiber mats. 

16. The pultruded fiber reinforced resin article 
of claims 12 or 15, 

characterized in that 
35 the fiber strands are glass fibers, the mats are 
composite needled mats of synthetic fibers and 
glass fibers. 

17. The pultruded fiber reinforced article of 
claim 12, 

40 characterized in that 

the resin is a thermoset resin or a thermoplastic 
resin. 

18- The pultruded fiber reinforced article of 
claim 17, 
45 characterized in that 

the resin is a polyester resin. 

19. The pultruded fiber reinforced article of 
claims 12 to 18, 
characterized In that 
50 the resin contains a filler. 
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@ Preformed material for fiber reinforced plastics. 



® A prefomned material for use In fiber reinforced 
plastics is formed by laminating and Integrally bond- 
ing a plurality of sheet-like substrates comprising 
reinforcing fibers (1, 3). At least one (4) of the 
laminated substrates is a woven fabric substrate 
having bonding material (2) composed of a thermo- 
plastic polymer pre-adhering to the substrate (4) and 
extending substantially linearly along reinforcing 
yams (1) or auxiliary filamerrtary yams of the sub- 
strate. Due to the bonding material (2) the substrates 
of the preformed material are effectively bonded to 
^each other even if the amount of the txinding ma- 
^terial is small, no deterioration occurs In the arrange- 
ment and the distribution of the reinforcing fillers, no 
2 dislocation of the substrates occurs during a manu- 
O^actijring process, and excellent characteristics of 
-^and a high productivity for forming the fiber re- 
'"forced plastics can be obtained- 
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PREFORMED MATERIAL FOR RBER REINFORCED PLASTICS 



The present invention relates to a material 
preformed to a required shape for use in fiber 
reinforced plastics (hereinafter referred to as FRF) 
in order to reinforce a matrix resin of an FRP when 
the FRP is formed. 

Various methods for forming FRP are well 
known, and generally what type of method should 
be adopted is decided In accordance with required 
properties and output of production of an FRP. For 
Instance, in the case where relatively high me- 
chanical properties are required for an FRP but the 
number of products is small, an autoclave molding 
process is often adopted for the FRP. In the case 
where high mechanical properties are not required 
for an FRP but the number of products is relatively 
great a hand lay up molding method is often 
adopted for the FRP. Further, a resin injection 
molding method for the case where the number of 
products is 500-1000 as a middle class of produc- 
tion scale, and a continuous pultrusion molding 
method where the number of products is more than 
the above number are generally adopted respec- 
tively. However, in the case where fibers, such as 
carbon fibers, which have a high strength and a 
high elastic modulus (Young's modulus) but are 
expensive are employed as reinforcing fibers for an 
FRP, the resin injection molding method and the 
continuous pultrusion molding method are not so 
often adopted. The reason why the methods are 
not so often adopted Is that the arrangement or 
distribution of the reinforcing fibers tend to be 
disturbed when the FRP is fonmed, thereby de- 
creasing the reinforcing effect according to high 
characteristic properties of carbon fibers etc.. as 
described hereinafter. Therefore advantages ac- 
cording to use of cartjon fibers etc. decrease- 
To explain the above problems in detail a resin 
injection molding method Is a method wherein, 
after dry sheet-like substrates composed of re- 
inforcing fibers are laminated and charged Into a 
cavity defined by male and fernale molds, a resin 
is injected into the cavity and the resin is impreg- 
nated into the substrates. The resin is then cured. 
In this method, the preformed material composed 
of laminated substrates tends to get out of shape, 
partlcularty when the substrates are laminated to a 
complicated shape. Moreover, there Is a problem 
that the substrates are moved by the pressure 
applied when the resin is injected, thereby chang- 
ing the laminated state of the substrates. This 
causes a disturtjance of the arrangement or the 
distribution of the reinforcing fibers in the prefor- 
med material. 

A continuous pultrusion molding method is a 
method wherein sheet-like sut>strates are drawn 



from creels, a resin is impregnated into the drawn 
and laminated substrates, the substrates into which 
tiie resin is impregnated are shaped and the resin 
is cured by passing the substrates through a heat- 

5 ed die. and the obtained FRP is then continuously 
drawn to a puller. Also in tills method, a distur- 
bance of the orientation or the distribution of the 
reinforcing fibers in the preformed material tends to 
occur on account of the deflection of the substrates 

70 due to the weight of the resin or the wrinkles of the 
substrates generated during the process, parti cu- 
lariy after the resin is impregnated. 

On the other hand, the following preformed 
material is disclosed in page 402 of Plastic Pro- 

16 cessing Technology Handbook published on July 
30, 1975 fay Nikkan Kogyo Shinbunsha of a Japa- 
nese company. The preformed material is formed 
by laminating substrates composed of reinforcing 
fibers to a required shape and bonding tiie sub- 

20 strates to each otiier witii chips made by cutting a 
substrate of reinforcing fibers In which a resin is 
impregnated or with powders of a tiiermoplastic 
material. However, tfiis forming method also has a 
problem that the characteristic properties of cariDon 

25 fibers etc. cannot be sufficiently obtained. 

Therefore, in tiie case where tiie chips are 
employed, non-uniform FRP tends to be obtained 
because the volume fraction of fibers contained in 
tiie portion of the FRP where the chips are be- 

30 comes locally higher than in other portions. More- 
over, in tiie case where the substrates are com- 
posed of long fibers or filamentary yams, since tiie 
short fibers of tine chips exist between tiie sub- 
strates, stress concentrates at the portions where 

35 tiie chips are and the fracture of the FRP tends to 
begin from the portions relatively early. 

On the otiier hand, in tiie case where the 
thermoplastic powders are employed, since it is 
difficult to distribute tiie powder uniformly on the 

40 substrates, fairly large non-uniformity occurs in ac- 
cordance witii the distribution of ttie powders. Ac- 
cordingly. In order to provide the laminated sutj- 
strates with a necessary bonding strength required 
for a prefomied material, the amount of tiie pow- 

45 ders should be relatively large. Since the powders 
do not constitute tiie matrix of the FRP. however, 
tiie increase in the amount of the powders deterio- 
rates the properties of the FRP. 

Furthemnore. JP-A-58-39442 discloses a 

so preformed material formed by disposing webs, 
composed of short heat-melting fibers and formed 
as a mat, a strip or a grid between a mat of glass 
fibers and a woven fabric of glass fibers, and 
bonding the mat and the woven fabric by melting 
the wet>s. However, this preformed material has 
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